INTRODUCTION
The cell wall is a dynamic cell compartment that confers unique and distinctive features to plant cells. Structurally, it has been long recognized as exhibiting specific functions essential to the entire plant (Cassab & Varner, 1988) . The construction and architecture of the cell wall varies according to cellular developmental stages (Varner and Lin, 1989) . The pliable character of cell walls is directly related to changes in the proportion and degree of assembly of various structural polysaccharides, including cellulose microfibrils, pectin, and hemicellulose polymers (Carpita & McCann, 2000) . In addition, cell walls of defined cell types originate due to deposition of specific polymers with defined functions, such as lignin, or by the presence of different structural proteins. Cell wall synthesis is a process highly regulated at the transcriptional level. An interplay of transcription factors in the NAC and MYB families have recently been shown as key players in regulating secondary cell wall biosynthesis, including SND1 (Zhong et al, 2006) , MYB46 (Ko et al, 2009; Zhong et al, 2007) , NST1 and NST3 (Mitsuda et al, 2007) , and MYB58 and MYB63 (Zhou et al, 2009 ), among others.
The plant cell wall is also considered a preformed barrier to pathogen infection (Huckelhoven, 2007; Vorwerk et al, 2004) . The failure of pathogenic microorganisms, notably fungal pathogens, to breach plant cell walls constitutes a major component of immunity for non-host plant species (i.e. species outside the pathogenic host range) and is responsible for a proportion of aborted infection attempts on susceptible host plants (basal resistance) (Huckelhoven, 2007) . In addition, cell walls are dynamic reservoirs of antimicrobial proteins and secondary metabolites that inhibit the growth of many pathogens (Darvill & Albersheim, 1984) . However, little is known about the degree to which the chemical composition of plant cell wall polysaccharides and other constituents are a factor in the outcome of the plant-pathogen interaction. Some pathogens are able to generate enough mechanical force to penetrate cell walls. However, others secrete enzymes that degrade cell walls. This infection strategy facilitates penetration of pathogenic structures into the interior of the plant cell assuring pathogen survival. Consequently, one of the earliest evolutionary responses to pathogen attack were cell walls reinforced by specific cross-linking of cell wall constituents, which were favored by selection; a process mediated by H 2 O 2 and by cell wall bound oxide reductase enzyme activities (Wojtaszek, 1997) . Therefore, it appears likely that during co-evolution with pathogens, plants developed cell wall integrity surveillance systems to sense pathogen-driven perturbations that subsequently alerted the cell to activate defense-related signal transduction pathways.
Extracellular type III peroxidases are key players in secondary cell wall remodeling and have been proposed to act in the polymerization of phenolic monomers into lignin and suberin or to mediate the cross-linking of polysaccharides and proteins in muro (Passardi et al, 2004) . More recently, the expression pattern of the Ep5C gene from tomato plants encoding a cell wall type III peroxidase was used as a marker to characterize early transcription-dependent responses controlled by H 2 O 2 following cell wall detection of a pathogen; a mode of gene activation observed to be conserved in tomato and Arabidopsis (Coego et al, 2005a) . Notably, the study demonstrated that H 2 O 2 plays a dual role for Ep5C; it functions as a co-substrate for the encoded peroxidase enzyme and as a gene induction signal. Ep5C::GUS was successfully used as a marker to search for novel defense components participating in plant defense-related pathways. The result was the identification of ocp (overexpressor of cationic peroxidase) mutants in Arabidopsis, which showed a de-regulated Ep5C::GUS expression pattern associated with altered disease susceptibility response to pathogens (Coego et al, 2005b; Agorio & Vera, 2007; Ramirez et al, 2009 ).
In the present study we performed a functional analysis of the Ep5C 5´promoter region in Arabidopsis to identify cis regulatory elements important for gene induction, and examined corresponding trans acting factors. We show that MYB46 modulates the magnitude of Ep5C gene induction following a pathogenic insult. Moreover, we demonstrate that myb46 mutant plants exhibit increased disease resistance to the necrotrophic fungal pathogen Botrytis cinerea, a phenotype that is accompanied by selective transcriptional reprogramming of a set of genes encoding cell wall proteins and enzymes, of which extracellular type III peroxidases are conspicuous.
RESULTS

Identification of a Specific Protein-binding Site within the Ep5C Promoter Region
To identify DNA sequence elements important in mediating induction of Ep5C gene expression, the original 1140 bp full-length Ep5C promoter region was progressively deleted from its 5´end and the resulting deletions, once fused to the uidA gene, were introduced into Arabidopsis by Agrobacteriummediated stable transformation. Detection of GUS activity was recorded in transgenic plants following leaf infiltration with a 1 mM H 2 O 2 solution. Through a series of 5´ deletions shown in Figure 1A , we observed that 821 bp of promoter sequences (construct del5) maintained complete responsiveness to H 2 O 2 , while 763 bp of promoter sequence (construct del6) lost responsiveness, demonstrated by the absence of GUS induction recovery in any of the transgenic lines. Similarly, gene induction was never recovered in any of the successive downstream deletions shown in Figure   1A . A similar responsive effect was observed in the deletion mutant constructs following plant inoculation with the pathogen Pseudomonas syringae DC3000. These results indicated that sequence elements adjacent to or between positions -821 and -763 are pivotal for Ep5C gene induction. Figure 1B ) revealed the presence of a conserved GTTAGGT cis-acting element between positions -806 and -798, which is characteristic of some MYB type II-regulated genes (MBSII) (Gubler et al, 1999; Yang & Klessig, 1996) .
Inspection of conserved motifs within this promoter interval (
Furthermore, adjacent to this motif an H box-like sequence was detected (CCTACC; at -797 to -792) (Loake et al, 1992) . In addition to these two elements and downstream to the H box-like sequence, a G box was identified (CACGTG; at -787 to -782) (Schulze-Lefert et al, 1989) . The 51 bp sequence (from -821 to -771) was designated regulatory element R ( Figure 1B) . A similar regulatory element characterized by the overlapping of a MBSII and an H box element, which may be in proximity to a G box, has been shown to be involved in the transcriptional regulation of some phenylpropanoid pathway genes (Abe et al, 2003; Hartmann et al, 2005; Loake et al, 1992; Sablowski et al, 1994) .
Interestingly, when a single 51 bp R element or a tandem duplication was fused to a minimal CaMV 35S promoter in Figure 1A ) to control GUS expression and used to generate transgenic plants, GUS induction could not be recovered in any of the transgenic lines generated upon H 2 O 2 treatment or upon inoculation with PsDC3000. These results indicated that the R element, although important for induction of Ep5C, is not sufficient per se to drive all major aspects of transcriptional regulation mediated by H 2 O 2 . It remains possible that other promoter elements downstream of position -763, acting at a distance to the R element, are required for full transcriptional activation of Ep5C.
A potential protein-DNA interaction within the identified Ep5C R element promoter region was tested by performing electrophoretic mobility shift assays (EMSA) with protein extracts derived from control (mock-inoculated) and PsDC3000-infected Arabidopsis plants. It was previously demonstrated that PsDC3000 promotes transcriptional activation of Ep5C::GUS in transgenic Arabidopsis through the generation of H 2 O 2 at infection sites (Coego et al, 2005a) . We concurrently inoculated Arabidopsis and tomato leaves with the same bacterial strain, prepared protein extracts and performed EMSA. A double-stranded oligonucleotide comprising the identified R element was used as a probe. Results are shown in Figure 1C . Two retarded protein complexes (upper and lower complexes in Figure 1C ) were detected in Arabidopsis control leaves. The interaction of both complexes was sequence-specific, indicated by the prevention of complex formation by adding an excess of unlabeled probe. Interestingly, EMSA performed using protein extracts derived from the upper complex seems to be formed by the binding to the R element of a constitutively present transcriptional repressor.
The specific sequences within the 51 bp R element involved in the formation of the upper and the lower complexes were identified using competition experiments with different DNA probes (Supplemental Figure S1 ). The results indicated that the 31 bp sequence present in the R6 competitor, where the MYBII, H box and G box motifs remained, are necessary and sufficient to support the formation of the upper protein complexes. Furthermore, sequence between position 30 and 51 of the R element are dispensable or at least accessory for the lower complex formation. The remaining competitors exhibiting an effect in the lower complex formation share the DNA sequence between positions 20 and 35, a region that includes the MSBII and H box but not the G box.
Isolation of cDNAs Encoding DNA Binding Proteins that Recognize the R Motif
The yeast one-hybrid screening system was used to isolate cDNAs encoding DNA binding proteins that interact with the R motif. A R::HIS3 gene construct was assembled that carried a single copy of the R element in plasmid pINT1 (Meijer et al, 1998 ) and used to transform yeast strain Y187 ( Figure   2A ). cDNAs encoding DNA binding proteins of interest were screened by transforming the target reporter Y187(R::HIS3) strain with a GAL4-AD cDNA library from Arabidopsis generated in pACTII (Memelink, 1997) and screened approximately 4.3 x 10 5 c.f.u. (colony forming units). Six 3-aminotriazole (3-AT) resistant clones were isolated using this approach. Following sequencing analyses, the cDNA fragments were determined to encode the same protein. BLAST analysis identified the isolated cDNAs as At5g12870, which encodes the MYB46 transcription factor, a MYB member of the R2R3 gene family (Martin & Paz-Ares, 1997; Stracke et al, 2001 ).
The MYB46 clones were transformed into the Y187 yeast strain carrying HIS3 alone, without the presence of the 51-bp R element. The results showed the recombinant yeast strain did not grow on the medium lacking His in the presence of 3-AT (Figure 2A ), further supporting the requirement of both the R element and MYB46 to regulate yeast transcription.
Purified MYB46 Binds Specifically to the MBSII Sequence of the R Motif
The in vivo yeast one-hybrid experiment was validated in vitro by testing if MYB46 protein specifically interacts with the R motif. We used E. coli to produce a recombinant MYB46-Maltose Binding Protein (MBP::MYB46) fusion protein (see Supplemental Figure S2 ). Purified MBP::MYB46 protein and the MBP alone were incubated with the R probe and the incubation mixtures were analyzed by EMSA ( Figure 2B ). Whereas the MBP::MYB46 protein caused a distinct shift in the mobility of the radiolabeled probe, the MBP alone produced no such shift ( Figure 2B ), indicating that the MYB46 protein specifically binds to the 51 bp R element. A precise identification of the specific binding site of MYB46 within the R element was carried out using a DNAmethylation interference assay, a high resolution method that identifies critical guanine residues involved in sequence-specific recognition by proteins. Using a top-strand end-labeled R probe, this assay revealed that guanine residues in the upper strand of the R element, at positions 21, 25 and 26, are critical for binding of MYB46 and are precisely located in MBSII, which was identified in the R element (Supplemental Figure S2) . We can infer from this result that MYB46 binds to the R element though the MBSII motif and not to the H box or other sequences in the R1 element. This was further confirmed by site directed mutagenesis of the R element and resolution of MYB46 binding using EMSA (Supplemental Figure S3 ). These assays revealed that direct substitution of the guanine residues by thymine residues in the MBSII motif within the context of the full R element (e.g., R MBSII probe in Supplemental Figure S3 ), but not other mutations (e.g., R INTER , R GBOX , R CORE and R FLANK probes) impeded the formation of the DNA-MYB46 complex. Cumulatively, these results suggest that MBSII is the cis element within the R element for MYB46 binding.
MYB46 Gene Expression Does not Change Following Interaction with Pathogens
Coego et al, (2005a) Figure 3A ). MYB46 was expressed at low levels in leaves of intact plants and its expression was not affected by infection with either of the two pathogens, whereas diseaserelated marker genes used to monitor the response of the plant to the bacterial (e.g., PR1 or and fungal (PDF1.2a) infection were up-regulated ( Figure 3A) . Therefore, MYB46 expression appeared unaltered during the course of plant-pathogen interactions.
A myb46 Mutant Shows Enhanced Induction of Ep5C::GUS Following Pathogen Infection
We reasoned that plants lacking MYB46 should show an altered Ep5C::GUS induction pattern following pathogen inoculation. Consequently, we characterized two T-DNA insertion mutants ( Figure 3B ) obtained from The Salk Institute Genomic Analysis Laboratory. Both mutants contained the T-DNA insertion located at different positions in the MYB46 intron. These two mutants were named myb46-1 (SALK_088514) and myb46-2 (SALK_100993)( Figure 2B ), with myb46-1 the first to be deposited in the collection. Homozygous plants for each of these two mutations were generated, which did not reveal visible alterations in growth habit or any gross developmental defect. Gene expression analysis by RT-PCR ( Figure 3B ) revealed that the two mutants exhibited markedly reduced levels of MYB46 mRNAs; the reduced expression was more pronounced in myb46-2 than in myb46-1 plants.
We subsequently introgressed the myb46-1 mutation into the Figure 3C ).
However, following leaf inoculation with PsDC3000 or spraying with spores of B. cinerea, myb46-1 Ep5C::GUS plants responded with an enhanced induction of GUS activity markedly higher than that attained by the parental Ep5C::GUS plants ( Figure 3C ). The enhanced induction of GUS activity extended along the blade of the inoculated leaves (observed following staining with X-gluc) ( Figure   3C ). These results indicated that a de-repression mechanism is a fundamental aspect of the Figure 3D ). This was not the case for the induction of PR-1, a marker gene for salicylic acid (SA) mediated responses (Ward et al, 1991) , which exhibited reduced induction in the mutant relative to the wild-type plants ( Figure 3D ). This latter observation is congruent with a demonstrated negative control, mediated by cross-talk mechanisms, performed by the JA pathway over the SA pathway (Koornneef & Pieterse, 2008 Figure 4A . The hypersusceptible mutant npr1-1 (Cao et al, 1997) was used as control. Bacterial growth rate in extracts from inoculated leaves of Col-0, myb46-1 and myb46-2 plants revealed that the disease susceptibility of myb46 mutants towards PsDC3000 did not vary from twild-type.
However, results demonstrated the myb46 mutations elicited changes in B. cinerea disease susceptibility, with a significant shift from susceptibility to resistance. Plants were scored for disease symptoms by following the level of necrosis appearing in the inoculated leaves ( Figure 4B ). The enhanced disease resistance mutant ocp3 (Coego et al, 2005b; Ramirez et al, 2009 ) was used as an internal control. As expected, wild-type plants were highly susceptible to B. cinerea, and inoculated plants showed extensive necrosis accompanied by widespread proliferation of the fungal mycelia revealed by trypan blue staining ( Figure 4C ). In contrast, myb46-1 and myb46-2 plants showed a significant reduction in the extent of necrosis ( Figure 4C ); relative to myb46-1, myb46-2 plants consistently exhibited a slightly enhanced disease resistance to B. cinerea. In addition, proliferation of fungal mycelia was notably inhibited in the two mutants. As expected, ocp3 plants showed similar and even increased disease resistance ( Figure 4C ). These results indicated that disease susceptibility to B. cinerea is a characteristic trait linked to MYB46. Figure 4D ).
Overexpression of
myb46-2 and MYB46ox4.2 Plants Show Differences in the Deposition of Lignin in Stems
MYB46 is proposed to function as a transcriptional activator of secondary cell wall biosynthesis and lignin deposition in xylem fibers and vessel elements (Zhong et al, 2007 Figure 5 ). This result demonstrates that despite the absence of any cellular or tissue-specific anomalies, the vascular cylinder, and particularly the interfascicular fibers of myb46-2 plants emitted yellow fluorescence, which is in marked contrast to the orange-type emission observed in MYB46ox4.2 plants. This result indicates that MYB46ox4.2 plants accumulate more stem lignin than the myb46-2 plants.
Leaves of myb46-2 Plants do not Show Changes in Major Polymer Constituents of Cell Walls
How can MYB46 behave as a positive regulator of secondary cell wall deposition in the stem and at the same time regulate disease susceptibility to B. cinerea in the leaf? We hypothesized that leaves of myb46 and Col-0 plants possess molecular differences related to cell wall fortification, and the differences are responsible for the observed changes in B. cinerea disease susceptibility.
Consequently, we isolated cell walls from fully expanded leaves and proceeded to quantify the total amount of phenolic acids, and determine how much of these phenolics were in the form of lignin.
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Significant differences were not detected in the two cell wall components of leaf samples derived from Col-0, myb46-2 and MYB46ox4.2 plants. A small increase in lignin content was observed in the cell wall preparations derived from MYB46ox4.2 leaves. This provides support to previous data demonstrating that excessive MYB46 overexpression leads to ectopic deposition of secondary walls in leaf epidermal cells (Ko et al, 2009; Zhong et al, 2007) .
The absence of differences prompted us to further investigate altered cell wall composition using Fourier transformed infrared (FTIR) spectroscopy, a powerful tool for plant cell wall analysis (Chen et al, 1998; Vogel et al, 2002) . The FTIR absortion spectra of alcohol-insoluble residues from Col-0, myb46-2 and MYB460x4.2 leaves between 1800 and 900 cm -1 , the IR region characteristic for cell wall polysaccharides and phenolic material, including cellulose, hemicellulose, pectin and lignin, is shown in Supplemental Figure S5 . Significant differences in the spectra of the three different genotypes were not detected. Furthermore, a Principal Components Analysis (PCA) of FTIR spectra from Col-0, myb46-2 and MYB46ox4.2 leaf samples was performed, using five principal components which accounted for 99.60% of the cumulative variance. The results did not discern any significant difference among the three groups. All observations indicated that in the leaves of myb46-2 plants, cell walls do not carry alterations in the amount and proportion of the major polymer constituents that could provide an explanation to the observed enhanced disease resistance to B. cinerea.
Transcriptomic Analysis of myb46-2 Plants
The lack of differences in major cell wall polymers does not eliminate the possibility that other minor constituents of the cell wall, which might be under direct or indirect control by MYB46, are responsible for enhanced disease resistance of myb46 plants to B. cinerea. Consequently, wholetranscriptome analysis using two-color long-oligonucleotide microarrays was performed to identify genes differentially expressed in myb46-2 leaves. A total of 189 genes with a fold change ≥2 in myb46-2 vs. Col-0, and P values <0.05 were identified; of these, 32 genes were up-regulated and 157
genes were down-regulated in myb46-2. The list of genes differentially expressed is provided in Supplemental Table I . Validation of microarray data was achieved using quantitative RT-PCR (qRT-PCR). Supplemental Figure 6 shows expression of all randomly chosen genes constitutively up-/down-regulated in myb46-2 leaves, which correlated well with microarray data.
A salient feature of the transcriptional analysis was that few genes were up-regulated in leaves WRKY20 correlated with disease resistance, particularly in the regulation of SA-dependent defense responses (Li et al, 2004; Lu et al, 2003; Sauerbrunn & Schlaich, 2004; Weigel et al, 2005) . Gene expression encoding enzymes of the phenylpropanoid pathway was not altered in myb46-2 plants, this being consistent with the lack of variation in phenolic acid amounts deposited in the cell walls of myb46-2 leaves. In contrast, the majority of genes identified in the myb46-2 microarray corresponded to down-regulated genes. A functional classification of the genes using Gene Ontology databases (Supplemental Figure 7 ) revealed a ranking of functionalities, where a significant number of genes were related to cell wall metabolism and extracellular matrix remodeling. Among them, some genes possessed encoded proteins related to biotic stress that function extracellularly in plant defense; among these including different secreted pathogenesisrelated proteins such as PR-1 and a chitinase, seven lipid transfer proteins (LTP) and proteinase inhibitors, seven DEFL and PDF1.2-like defensins, allergenic proteins and a ribonuclease. These genes were easily identified and reminiscent of a classical Pathogenesis-related (PR) gene asset.
Despite the down regulation observed in the microarray, defense-related genes were highly induced upon inoculation of myb46-2 plants with B. cinerea and reached levels of expression similar to those attained in wild-type plants (Supplemental Figure 8) .
Among the genes more directly involved in cell wall metabolism and remodeling included different expansins (EXPA7, EXPA18, EXLB3), arabinogalactan proteins (AGP3, AGP22, AGP24), a glycinrich protein (GRP3), proline-rich proteins (PRP1, PRP3), a pectin methylesterase (SKS16) and its inhibitor (UNE11), two polygalacturonases and also different enzymes involved in xyloglucan biosynthesis and modification (see Supplemental Table I ). In relationship to cell wall remodeling was the presence of nine genes encoding cell wall bound class III peroxidases (PER or Prx; (Passardi et al, 2005; Passardi et al, 2004; Tognolli et al, 2002) ; which appeared downregulated in myb46-2 plants (see Supplemental Table I and also Table II) .
Rapid Induction of PER Genes in myb46 Plants Following Inoculation with B. cinerea
Overexpression of some peroxidases that were detected as down-regulated in myb46-2 plants (i.e., PER21, PER62 and PER71) conferred enhanced disease resistance to B. cinerea in Arabidopsis (Chassot et al, 2007) . Consequently, we studied the transcriptional regulation of the nine de-regulated PER genes identified in the myb46-2 microarray following inoculation with B. cinerea (Table II; PER1, PER4, PER39, PER45, PER57, PER62, PER69, PER71, and PER73) . We extended this survey to other PER members and although not present in the myb46-2 microarray, were derived from a bibliographic survey, including PER12, PER21, PER34 and PER37. Other randomly chosen genes exhibited up-or down regulation in myb46-2 plants (i.e., PCC1, JAC, RNS1 and EXLB3) and behaved differentially (Fig. 6 ). Therefore, a gradual coordinated release of a set of cell wall peroxidases is a characteristic response set in motion following recognition of B.
cinerea in Arabidopsis, a response heightened in myb46-2 plants.
myb46-2 Plants Exhibit Accelerated Peroxidase Deployment following B. cinerea Detection
The enhanced induction of PER genes led us to investigate an in situ biochemical correlation between induced peroxidase activity and confinement of this peroxidase activity to the B. cinerea infection site. Our protocol included staining Arabidopsis leaves with 3,3´-diaminobenzidine (DAB), a histochemical reagent that when combined with H 2 O 2 acts as a substrate for peroxidases, and specifically detects the center of peroxidase activity using light microscopy (Bestwick et al, 1998; Thordal-Christensen et al, 1997) . Alternatively, counterstaining of DAB-stained leaves with calcofluor white, and inspection under a fluorescent microscope, resulted in the detection of fungal structures associated with the center of peroxidase activity. conidium interaction with epidermal cells ( Figure 7A ). Over time, fungal appressorium and germ tube development was observed on the inoculated leaf surface. DAB oxidation in reacting cells increased and continued until the brown coloration due to DAB oxidation was easily detectable in association with the growth of secondary hyphae ( Figure 7A ). Larger sections of DAB deposition generally corresponded to advanced stages of infection and became visible to the naked eye (i.e., DAB deposition from different areas of infection fused). In Col-0 and myb46-2 plants, the appearance of peroxidase activity was always associated with fungal structures, suggesting induction is a consequence of local interaction of the plant cell with the fungus. Interestingly, recording the induction of peroxidase activity following inoculation with B. cinerea spores indicated that myb46-2 plants react earlier and more aggressively than Col-0 plants ( Figure 7B) . At 10 h.p.i. myb46-2 plants initiated intensive peroxidase activity. The difference in peroxidase activity in myb46-2 plants was even more evident at 24 h.p.i., where large areas of the inoculated leaf surface were nearly covered by oxidized DAB ( Figure 7B ). The sustained peroxidase activity observed at these early stages of infection was a cellular mechanism in response to B. cinerea; a pathogen with the potential to cause cell death. Furthermore, staining with trypan blue did not occur at these early stages of fungal infection and in the absence of added H 2 O 2 , DAB staining was absent ( Figure 7B ) indicating that peroxide levels were limited at early stages of infection.
These results indicate that conditional peroxidase-mediated cell wall modifications are part of a cell wall tool-kit activated by plant cells upon detection of B. cinerea. The early and more abrupt initiation of cell wall peroxidases in myb46-2 plants may be on the basis to explain increased disease resistance to B. cinerea.
DISCUSSION
Young and coworkers provided one of the pioneer reports on the response of plants to fungal challenges, and modifications to the plant cell wall were already recognized as a potential mechanism of resistance (Young, 1926) . Decades of subsequent research has demonstrated that in fungi that use penetration of a plant cell wall as an essential part of the initial pathogenesis cycle, controlling the fungus during the initial phases of cellular penetration can be an effective means of plant defense.
Not surprisingly, while fungal microbes try to breach this barrier for colonization, plant cells respond to attempted penetration by a battery of wall-associated defense responses and cell wall modifications (Huckelhoven, 2007) . In the present study, we showed that the Arabidopsis MYB46 transcription factor is required for disease susceptibility to the virulent necrotrophic fungal pathogen B. cinerea and in turn mutations in the MYB46 gene confer strong disease resistance to the same pathogen.
MYB46 was identified in this study by its ability to bind to a cis element, here characterized and Reinforcement of the cell wall fabric by direct cross-linking of its structural proteins through the formation of dityrosine and iso-dityrosie linkages (Bradley et al, 1992; Domingo et al, 1999; Fry, 1986) by the action of cell wall bound type III peroxidases (PER), or even heightening the crosslinking of the phenolic network of secondary cell walls by the same peroxidases may serve as a basis to explain the enhanced disease resistance to B. cinerea in myb46 plants. PER activity was found associated with cross-linking of phenolic acids at Botrytis allii infection sites in onion cell walls (McLusky et al, 1999) . In addition, in bean leaves, B. cinerea was shown to suppress PER activity, supporting a role for PER in plant resistance as scavengers of harmful reactive oxygen species (Tiedemann, 1997). Moreover, overexpression of different PER genes (e.g., PER21, PER62 or PER71) in transgenic Arabidopsis plants confers a notable disease resistance to B. cinerea (Chassot et al, 2007) . Interestingly, a set of nine PER genes, including PER21, PER62 and PER71, were found co-regulated in myb46-2 plants. These PER genes were down-regulated under resting conditions and were highly induced locally following recognition of B. cinerea. The initiation of peroxidase activity and the substantial over-induction of peroxidase in myb46-2 plants once B. cinerea structures were in contact with the epidermal cell walls also served to explain the heightened disease resistance phenotype of myb46-2 plants. A more rapid cross-linking of cell wall structural components at sites of fungal entry may poses additional difficulties for B. cinerea to penetrate the cell wall during its infection cycle. These inducible changes, in concerted action with the repertory of other existing changes in cell wall constituents, may have altered the cell wall in such a way that the pathogen no longer possesses the effective tools to disassemble the plant cell wall. Moreover, the alterations in cell wall composition resulting from mutations in MYB46 may further confer the mutant plant cell with increased sensitivity to respond faster to the presence of the pathogen; i.e., defense-related genes are correspondingly activated sooner. In fact, myb46 plants respond to B. cinerea with an earlier and 
MATERIALS AND METHODS
Plants growth conditions
Arabidopsis thaliana plants were grown in a growth chamber (19-23ºC, 85% relative humidity, 100 mEm -2 sec -1 fluorescent illumination) on a 10-hr-light and 14-hr-dark cycle.
Transgenic plants and mutants.
A 5' deletion series of a 1140 bp long Ep5C promoter region were generated by PCR using specific primers where XbaI or SmaI restriction sites were incorporated by site directed mutagenesis. For each construct the ep2 reverse primer (5´CCCCGGGTGTTATGTACG3´) was used with each of the following forward primers: del1 (CCTACCTTTTCTCTAGACAAC), del2 ( 
Tissue staining.
Staining for the presence of peroxidase activity via the 3,3'-diaminobenzidine (DAB) uptake method in the presence of H 2 O 2 was performed as described by (McLusky et al., 1999) . Staining for the presence of GUS activity was performed as described previously (Jefferson et al., 1987) .
Staining with lactophenol-trypan blue was performed as described by (Mayda et al., 2000) . Staining with 0.01% Calcofluor White was performed as described previously (Hughes and McCully, 1975) and observed with a UV fluorescent microscope. Thin sections of the stem were stained with Phloroglucinol-HCl which was shown as bright red color using standard microscopy. Staining with Safranine O of thin sections was performed as described by (Bond et al., 2008) and observed under a NIKON Eclipse fluorescence microscope. Stained sections were excited at 492 nm and imaged using a B-2A filter (520 nm).
Electrophoretic mobility shift assays
Leaf whole-cell extracts were prepared as described previously (Carrasco et al., 2003) . The DNA fragments used as probes, were ds oligonucleotide radioactively labeled by filling in with [α-32 P]dCTP using the Klenow DNA polymerase. Binding reactions (20 µL) containing 20,000 cpm of probe, 10 µg of leaf protein or 50 ng of recombinant MBP::MYB46 protein, 10 mM Tris-HCl pH 8, 40 mM KCl, 0.1 mM EDTA, 2 mM dithiothreitol, 0.2 µg/ml BSA, 0.05% NP40, 10% glycerol, and 40 µg/ml poly(dI-dC).poly(dI-dC), in the presence or absence of competitors, were incubated on ice www.plantphysiol.org on July 21, 2017 -Published by Downloaded from Copyright © 2011 American Society of Plant Biologists. All rights reserved.
for 30 minutes. DNA-protein complexes were separated from free DNA probe by electrophoresis on native 6% (38:2) polyacrylamide gels run in 0.5 TBE at 4°C.
Yeast one-hybrid screening.
An Arabidopsis Col-0 cDNA expression library constructed in the λ-ACTII/pACTII´ system (Memelink 1997) was used for the yeast one-hybrid screening which was carried out as described by Ouwerkerk & Meijer (2001) . The R element cloned in the pHIS3NX/pINT1 plasmids system (Ouwerkerk and Meijer, 2001 ) was used as a bait sequence. The ds R fragment (see above), with SalI and XhoI extensions, was cloned in pBluescript II KS (Stratagene) and subsequently cloned into pHIS3NX (Genbank Accession AF275030) within the BamHI and SmaI sites. The R::HIS3 fusion was sub-cloned into pINT1 (Genbank Accession AF289993) within the NotI and XbaI sites.
The resulting plasmid pINT1(R::HIS3) was introduced into the yeast strain Y187 (Clontech). The cDNA expression library screening was performed using yeast strain Y187(R::HIS3), on medium lacking His and Leu and in the presence of 5 mM 3-aminotriazole (3-AT) as described (Ouwerkerk and Meijer, 2001) . Colony PCR using the primers ATH (5CCCCACCAAACCCAAAAAAAG3´) and 3´AD (5´GTTGAAGTGAACTTGCG3´) were performed to amplify the cDNA inserts of positive clones. Amplification products were then sequenced.
Production of Recombinant MYB46.
The coding region of MYB46 was released from one of the pACTII' clones obtained in the yeast one-hybrid screening by EcoRI and XhoI digestion, and sub-cloned into the EcoRI and SalI site of pMAL-c2 (New England Biolabs, www.neb.com). The MBP::MYB46 fusion protein was expressed in E. coli Rosettagami(DE3)pLys cells (Novagen, www.merck-chemicals.com) by induction with 0.15 mM IPTG at 28ºC for 4 h. The recombinant MBP::MYB46 was purified by affinity chromatography using amylose resin (New England Biolabs, www.neb.com) following manufacturer's instructions.
DNA Methylation Interference
DNA methylation interference was carried out according to (Green et al., 1987) . Primer R1 was 5′ end-labeled using [γ- 32 P]ATP and T4 polynucleotide kinase and used to produce a top-strand endlabeled R probe by annealing with primer R2 . 27 pmol of the labelled probe was partially methylated with dimethyl sulphate (Green et al., 1987) , ethanol precipitated and purified using a Qiaquick purification kit. Gel retardation assays were then carried out with the methylated probe (60,000 cpm) and 1 µg of MBP::MYB46 recombinant protein, as described above. Following native gel electrophoresis, the unbound probe (F) and protein-DNA complexes (B) were located by autoradiography and excised. The DNA was purified and exposed to 1.25 M piperidine at 90°C for 30 minutes. The piperidine-treated unbound and protein-bound DNAs were resolved in a 8% sequencing gel.
RNA isolation, RT-PCR and qRT-PCR analysis
RNA was isolated with Trizol (Invitrogen, www.invitrogen.com). RNA was quantified with a NanoDrop ND-100 spectrophotometer (NanoDrop Technologies, www.nanodrop.com). RNA quality was assessed with a 2100 Bioanalyzer from Agilent Technologies (www.agilent.com). SSC at room temperature, and 5 min with 0.1x SSC. The slides were then drained with a 2000-rpm spin for 2 min. The slides were stored in darkness until they were scanned.
The scanning was done with a GenePix 400B scanner (Molecular Devices.
www.moleculardevices.com) at 10-µm resolution. The images were quantified with GenePix Pro 5.1. Images from Cy3 and Cy5 channels were equilibrated and captured with a GenePix 4000B (Axon. www.axon.com) and spots quantified using GenPix Pro 5.1 software (Axon.
www.axon.com). The data from each scanned slide were first scaled and normalized using the Lowess method, before being log-transformed. The mean of the three replicate log-ratio intensities and their standard deviations were generated.
The expression data were normalized and statistically analyzed using the LIMMA package (Smyth and Speed, 2003) . LIMMA is part of Bioconductor, an R language project (Ihaka, 1996) . First, the data set was filtered based on the spot quality. A strategy of adaptive background correction was used that avoids exaggerated variability of log ratios for low-intensity spots. For local background correction, the "normexp" method in LIMMA to adjust the local median background was used. The resulting log ratios were print-tip loess normalized for each array (Smyth and Speed, 2003 similar distribution across arrays and to achieve consistency among arrays, log-ratio values were scaled using as scale estimator the median absolute value (Smyth and Speed, 2003) .
Linear model methods were used for determining differentially expressed genes. Each probe was tested for changes in expression over replicates using an empirical Bayes moderated t statistic (Smyth, 2004) . To control the false discovery rate, P values were corrected using the method of Benjamani and Hochberg (1995) . The expected false discovery rate was controlled to be <5%.
Genes were considered to be differentially expressed if the corrected P values were <0.05. In addition, only genes with a fold change more than twofold were considered for further analysis.
Pathogen Infection
PsDC3000 inoculation, by leaf infiltration of 10 5 c.f.u./mL, and quantification was described previously (Coego et al, 2005b) . Data are reported as means and standard deviations of the log (cfu/cm 2 ) of eight replicates. B. cinerea inoculation and symptoms measurements were described previously (Coego et al, 2005b) . Five week-old-plants were inoculated by applying 6 μl droplets of spore suspension of B. cinerea (2.5 x 10 4 conidia/mL) to three fully expanded leaves per plant. The plants were maintained at 100% RH and disease symptoms were evaluated three days after inoculation by determining the average lesion diameter on three leaves of 15 plants each. For rest of experiments, plants were inoculated by spray.
Lignin determination.
Leaves were harvested, boiled in ethanol for 5 min and washed with ethanol until pigments were removed. The dry leaves were finely homogenized and considered as the AIR. The AIR was treated with 2M NaOH for 1 h under N 2 atmosphere to remove the esterified phenolic material. The lignin content of the hole AIR and of the de-esterified AIR was measured by the acetyl bromide/acetic acid method (Johnson, 1961) .
FTIR analysis.
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